We analyze the famous Wolf's sunspot numbers. The time series shows a mean period with duration of 133 months. We observed that the mean period consists of two equal sized phases, descendent and ascendent, that can be well fitted by two ortogonal lines. The sunspot numbers standard deviation period is well fitted by a sine function. We discovered that the distribution of the sunspot number fluctuations, restricted to the descendent phase of the sunspot numbers mean period, is close to the BHP distribution. For the first half of the ascendent phase of the sunspot mean period, the distribution of sunspot numbers fluctuations is a mixture of the BHP distribution with the Gaussian distribution. We give a, possible, explanation for this phenomenon in terms of an increasing energy quorum effect that is necessary for the starting of the ascendent phase. For the second half of the ascendent phase of the sunspot numbers mean period, the distribution of sunspot numbers fluctuations is, again, close to the BHP distribution.
Introduction
The sunspots are relatively dark areas on the surface of the sun caused by strong concentration of magnetic flux. The number of sunspots correlates with intensity of solar radiation and it represents an aspect of solar variation. Solar flares are violent explosions in the Sun's atmosphere releasing huge amounts of energy that take place in the solar corona and chromosphere, heating plasma to tens of millions of kelvins [14, 13, 15] . Most flares occur in active regions around sunspots, where intense magnetic fields emerge from the Sun's surface into the corona. The flares are powered by the sudden (timescales of minutes to tens of minutes) release of magnetic energy stored in the corona [13, 11] . The physical picture that arises is that solar flares are avalanches of many reconnection events analogous to avalanches of sands in the models of Bak et al. [7, 4] . The magnetic reconnection is essentially a topological restructuring caused by a change in the connectivity of the magnetic field lines. Lu and Hamilton [12] stated that the solar coronal magnetic field is in a self-organized critical state to explain the observed power-law dependence of solar flare occurrence rate, on flare size, which extends over more than five orders on magnitude in peak * Universidade do Porto, R. Dr. Roberto Frias, 4200-465 Porto Portugal, tel/Fax:
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flux. Flares of all sizes are just manifestations of the same physical process where the size of a given flare is determined by the number of elementary reconnection events. The relation between small-scale processes and the statistics of global flare properties, that follows from the self-organized magnetic field configuration, provides a way to learn about the physics of unobservable small-scale reconnection processes. Paczucki and Hughes [14] stated that the distribution of magnetic flux concentration sizes is scale-free.
Bramwell et al. [4] showed a relation between self-organized criticality and the BHP distribution, named after the work of Bramwell, Holdsworth and Pinton [2] , that gives the probability density function for the fluctuations of the magnetic order parameter, in the strong coupling (low temperature) regime for a two-dimensional spin model (2dXY), using the spin wave approximation. The BHP distribution has, also, been proved to be a good model for the probability density function of plasma density fluctuations and electrostatic turbulent fluxes measured at the scrape-off layer of the Alcator C-mod Tokamaks [19] .
Here, we will analyze the relations between the Wolf's sunspot numbers fluctuations and the BHP distribution. First, we compute the sunspot numbers mean period w µ (t) of the Wolf's time series. We observe that the sunspot numbers mean period w µ (t) that has two equal sized phases, one descendent phase and an ascendent one. We exhibit a good fit for the sunspot numbers mean period w µ (t) consisting of two ortogonal lines, one corresponding to the ascendent phase and the other one to the descendent phase. The differences between the fit and the sunspot numbers mean period w µ (t) are more visible in a small neighborhood of the minimum values. These differences can be related with the bimodality pointed out in [16] . We compute the sunspot num-bers standard deviation period w σ (t) of the Wolf's time series. We show that the sunspot numbers standard deviation w σ (t) period is well fitted by a sine function. Surprisingly, we find that the distribution of the sunspot numbers fluctuations restricted to the descendent phase of the sunspot mean period This article is organized as follows: In the second section, we present the universal BHP distribution and its similarities with a Pearson distribution in the sample range considered, in this article, for the sunspot numbers fluctuations. In the third section, we compute the sunspot numbers mean period and sunspot numbers standard deviation period, and their fittings. In the fourth section, we show the data collapse of the sunspot numbers fluctuations in the descendent phase and in the second ascendent period to the BHP. In the first ascendent period, we show that the sunspot numbers fluctuations histogram is close to a mixture of the Gaussian distribution with the BHP distribution. 8] ). The BHP probability density function (pdf ) is given by
where the {λ k } L k=1 are the eigenvalues, as determined in [5] , of the adjacency matrix. It follows, from the formula of the BHP pdf, that the asymptotic values for large deviations, below and above the mean, are exponential and double exponential, respectively. In this article, we use the approximation of the BHP The average duration of the sunspot cycle is 133 months, but cycles as short as 9 years and as long as 14 years have been observed [16] . Following Jánosi et al. [10] and Bramwell et al. [6] , we define the sunspot numbers mean period
where T is the number of observed cycles.
In Figure 1 , we show the sunspot numbers mean period w µ (t) with the mean square lines for the descendent and ascendent phase, respectively. The fits to the ascendent and descendent phase of the mean period curve h(t) are We define the sunspot numbers standard deviation period w σ (t) by
where T is the number of observed cycles. In Figure 3 , we fit the sunspot numbers standard deviation period curve with a sine function, y = −16.74 * sin(0.0472 * x−0.4066)+37.42882 with R 2 = 0.8892.
The standard deviation curve attains its minimum at, approximately, the cycle month 41, and its maximum at, approximately, the cycle month 108.
Sunspot fluctuations and the BHP distribution
We introduce in this paper the sunspot numbers fluctuations w f (t) given by
In Figure 4 , we show the histogram of the sunspot numbers fluctuations and, in variable weights, of a Gaussian pdf, for sunspot numbers fluctuations in the range -0.9 to -0.3, with the BHP pdf, for sunspot numbers fluctuations away of the mode value. At the left of the point -0.9, the histogram is close to, but below, the BHP pdf. In the range -0.3 to 0.7, the frequency of sunspot numbers fluctuations is close to, but below, the BHP pdf. In the range 0.7 to 3, the frequency of sunspot numbers fluctuations is close to, but above, the BHP pdf.
In Figure 6 , we show the data collapse of the sunspot numbers fluctuations histogram in the descendent phase occurring for the cycle months between 1 to 61. We observe that in the entire range, the sunspot numbers fluctuations histogram is close to the BHP distribution.
In the ascendent phase, two periods will be considered. The first ascendent period occurs for the cycle months between 62 to 100, where the standard deviation period is higher than the mean cycle. The second ascendent period occurs for the cycle months between 101 to 133, where the standard deviation is smaller than the mean period.
In Figure 7 , we present the BHP on top of the sunspot numbers fluctuations histogram, restricted to the range 101 to 133 of the cycle, in the semi-log scale. Hence, the pdf of the sunspot numbers fluctuations, in this range, can be approximated by the BHP pdf. In the range -1 to -0.3 and in the range 1.2 to 3, the frequency of the sunspot numbers fluctuations is close to, but above, the BHP pdf. In the range -0.3 to 1, the frequency of the sunspot numbers fluctuations is close to, but above, the BHP pdf.
In Figure 8 , we observe that the histogram of the sunspot numbers fluctua- tions, for the cycle months 62 to 100, is close to a mixture of two distributions, the Gaussian and the BHP. The mixture consists of a Gaussian pdf, for fluctuations in the range -1.0 to 0.3, and with the BHP pdf, for sunspot numbers fluctuations out of this range. In the range 0 to 1.8, the sunspot numbers fluctuations frequency is close to, but below, the BHP pdf. Above 1.8, the frequency of sunspot numbers fluctuations is close to, but above, the BHP pdf. In Figure 9 , we observe that the histogram of the sunspot numbers fluctuations, for the cycle months 57 to 78, is, also, close to a mixture of two distributions, the Gaussian and the BHP. The histogram, for this range, shows a higher weight towards the Gaussian distribution than the one observed for the cycle months 62 to 100.
The facts observed in the cycle month ranges 57 to 78 and 62 to 100 give an evidence of a storage of energy relatively to a histogram close to the BHP distribution. This, apparently, stored energy is being used to reverse the descendent phase of sunspot numbers mean period to the ascendent phase.
Conclusions
We computed the sunspot numbers mean period and we observed that the sunspot numbers mean period has two equal sized phases, one descendent phase and an ascendent one. We have found a good fit for the sunspot numbers mean period consisting of two ortogonal lines, one for each phase. The differences between the fit and the sunspot numbers mean period are more visible in a small neighborhood of the minimum values. We computed the sunspot numbers standard deviation period and we observed that the sunspot numbers standard deviation period is well fitted by a sine function. We computed the sunspot numbers fluctuations time series and we related the sunspot numbers fluctuations with the BHP distribution. For the descendent phase and for the second ascendent period, we observed the data collapse of the sunspot numbers fluctuations histogram to the BHP distribution (like the magnetic fluctuations, in the strong coupling regime, of the 2dXY magnetization model). For the second ascendent period, we observed that the histogram of the sunspot numbers fluctuations is close to a mixture of two distributions, the Gaussian and the BHP. We gave a possible explanation for this phenomenon in terms of an increasing energy quorum effect necessary for the starting of the ascendent phase.
